Wind mass-loss solutions and theoretical light curves for rapid outbursts of recurrent novae are presented for a wide range of parameters of white-dwarf masses of 1.2, 1.3, 1.35, and 1.377 M with envelope compositions of X = 0:7; 0:35 and 0.1 and heavy element contents of Z = 0:001; 0:004; 0:01; 0:02; 0:05, and 0.1. Very rapid optical decline (t 3 < 10 days) is obtained only in very massive white dwarfs ( > 1:35M ) for Z = 0:02. Systematic dierences of evolutionary time-scale and of the wind velocity are predicted between novae of Populations I and II. The light-curve ttings of four recurrent novae U Sco, V394 CrA, T CrB, and V745 Sco, show that these systems contain a very massive white dwarf of mass 1.35{1.38 M .
Introduction
Recurrent novae are phenomena that repeat similar outbursts at intervals of several tens of years. Their speed-class designations span the range from slow (e.g., T Pyx) to very fast (e.g., U Sco) (Webbink et al. 1987) . They are now considered to be thermonuclear runaway events on a massive white dwarf (Kato 1990a (Kato , 1991 (Kato , 1995 Prialnik, Kovetz 1995) Recently, Kato has succeeded to reproduce theoretical light curves of the decay phase of classical novae (Kato 1994; Kato, Hachisu 1994; Kato 1997 , hereafter Paper I) using optically thick wind theory with the OPAL opacity. Because the decay timescale and the shape of the light curves depend strongly on the white-dwarf mass and weakly on the envelope chemical composition, we can determine the white-dwarf mass from the tting of theoretical light curves with observational data (Kato 1994 ,1995 . The white-dwarf mass can also be estimated from the X-ray turno time, which is the duration from the optical peak until the time that nuclear burning is extinguished (Paper I).
In recurrent novae, white dwarfs are considered to be very massive based on their short recurrence period and on the rapid evolution of outbursts. Some light-curve ttings also demonstrate the presence of very massive white dwarfs (Kato, 1990a for U Sco, 1990b for T Pyx, and 1991 for RS Oph). After the new opacity appeared, Kato recalculated the light-curve models for four recurrent novae, which indicate that these objects contain an extremely massive white dwarf of 1.35 { 1.377 M (Kato 1995) .
The existence of massive white dwarfs close to the Chandrasekhar mass limit is very interesting in its origin, evolution, and relation with the progenitor of Type Ia supernova (SN). Hachisu and his collaborators have developed new binary evolution scenarios that will eventually lead to a Type Ia SN explosion . In these scenarios an optically thick wind inevitably occurs which has an essential role in binary evolution through the losses of angular momentum and mass by the wind. Along with their scenarios, U Sco and T CrB are considered to be on the way to a type Ia SN explosion . Such modelling of detailed binary evolution or light-curve tting, such as in for a T CrB outburst, requires a set of wind solutions with a wide range of parameters. Therefore, this paper aims to present a set of light curves and envelope solutions for various chemical compositions and white-dwarf masses. Section 2 summarizes the input physics and the basic properties of steady wind solutions for massive white dwarfs and light curves. The X-ray turno time, an indicator of the white-dwarf mass, is also given. Tentative light-curve ttings for four individual recurrent novae are presented in section 3. Discussions and Conclusions follow. The decay phase of a recurrent nova outburst can be followed by the sequences of the steady wind and the static solutions. The structure of the mass-losing envelope around a degenerate core is obtained by solving the equations of motion, continuity, diusion, and energy conservation along with the assumptions of steady state and spherical symmetry. The wind mass-loss rate is determined as an eigenvalue of the boundary value problem. When no optically thick wind occurs, the envelope is represented by hydrostatic solutions. A sequence is constructed from these steady-wind solutions and static solutions, as a quasi-evolutionary sequence that represents a decay phase of nova. The equations and numerical methods are described in detail in Kato, Hachisu (1994) .
The updated OPAL opacity (Iglesias, Rogers 1996 ) is used and the mixing-length parameter is set to 1.5. The chemical composition of the envelope is assumed to be uniform with X = 0:7, 0.35, and 0.1 for hydrogen, and Z=0.001, 0.004, 0.01, 0.02, 0.05, and 0.1 for heavy elements, by weight. For recurrent novae, no large enhancement of heavy elements has been observed, whereas a fairly large amount of C/O enrichment is reported for classical novae. Duerbeck (1987) has suggested that recurrent novae are old stellar population based on their space distribution in the Galaxy. In external galaxies, a recurrent nova has been observed in the Large Magellanic Cloud (LMC 1990 No.2) , and a possible recurrent nova is reported in M31 (Rosino 1973 ). With such various chemical circumstances for recurrent novae, I have made calculations using a wide range of heavy element abundances. Such various solutions are also required in modeling the progenitor systems of type Ia supernovae, that appear in dierent types of galaxies with dierent metallicities.
We assume the Chandrasekhar radius for less-massive white dwarfs to be 1:3M . This cold core radius is a good approximation for an accreting white dwarf with an accretion rate of up to 2 { 3 210 07 M yr 01 (H. Saio; private communication). For very massive white dwarfs, the radius of an accreting white dwarf with an accretion rate of 4 2 10 08 M yr 01 is assumed, i.e., log(R WD =R ) = 02:468 for 1:35M and 02:56 for 1.377 M (Nomoto et al. 1984) . Note that the upper limit of the mass for an accreting white dwarf is not the Chandrasekhar mass, 1:44M , but is slightly smaller than that, e.g., 1:3774M for an accretion rate of 4 2 10 08 M yr 01 (Nomoto et al. 1984) ; that is the reason we adopt 1:377M in the present paper instead of 1:44M .
Properties of Optically Thick Winds
After the onset of a hydrogen shell ash the envelope around the white dwarf quickly expands and the strong mass loss begins. It reaches the stage of the optical maximum when the envelope is widely extended and the surface temperature becomes low. The envelope settles down to thermal equilibrium. After the optical maximum, the star moves blueward in the HR diagram as the envelope mass decreases, owing to wind mass-loss and hydrogen nuclear burning; then, the eective temperature rises with time. Figures 1 and 2 , show the evolutionary track in the HR diagram for the decay phase of recurrent nova outbursts. As the star moves blueward along the track in the HR diagram, a strong optically thick wind blows until the star reaches the left-side end of the dashed region. Hydrogen nuclear burning extinguishes at the point denoted by the lled circles. In this HR diagram, the luminosity is low in large-Z stars, because a large amount of diusive energy ux is consumed to drive the strong wind.
In optically thick winds, matter is accelerated by the so-called continuum radiation deep inside the envelope. The critical point of spherical steady mass ow (Bondi 1952 ) appears inside of the iron peak of the opacity at log T 5:2, which is deep inside the photosphere. The wind velocity quickly rises in the vicinity of the critical point and reaches the terminal velocity below the photosphere. Figure 3 shows the radius and velocity at the critical point and the photosphere against the envelope mass. As the star moves blueward along the track of the HR diagram, the envelope mass decreases owing to wind mass-loss and nuclear burning. This gure shows that both the radii of the critical point and the photosphere decrease along with a decrease of the envelope mass, though the critical point is always located inside the photosphere. When the photosphere becomes very close to the critical point, the wind mass-loss stops. After that the envelope mass decreases owing to nuclear burning. These properties and internal structure of envelopes are essentially the same as those of classical nova envelopes (for details see Kato, Hachisu 1994) . Figure  4 shows the wind velocity at the photosphere. In this gure the wind velocity increases along with the surface temperature, and has a maximum value at log T 5:15. The wind velocity shows a strong dependence on Z; a large velocity is obtained in a greater Z model. On the other hand, the dependence on the hydrogen content is weak, because similar velocities are obtained in the two models of X = 0:7 (solid curve) and X = 0:1 (dashed curve) for 1:377M in the lowest group (Z = 0:001) in gure 4. The dependence of the velocity on the white dwarf is also very weak, as shown in this gure; the velocities are almost the same in the three cases of 1:377M (X = 0:7: solid curve), 1:35M (X = 0:7: dot-short dashed) and 1:3M (X = 0:1: dotted) with the same
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Extremely Rapid Light Curve of Recurrent Novae 3 value of Z = 0:02. From these results, we can see that the wind acceleration is mainly due to the iron peak in the OPAL opacity and almost independent of the hydrogen content. For a comparison, gure 4 also shows a nova model of 1:35M with an enhanced C/O composition (X = 0:1; C = 0:1; O = 0:2, and Z = 0:02) that shows very similar velocities to that of our model of 1:35M with X = 0:7 and Z = 0:02. Therefore, we can conclude that the wind acceleration not only depends strongly on tne iron content, but is almost independent of the hydrogen, helium, or C/O contents.
The total envelope-mass decreasing rate, which is the summation of the mass-decreasing rates owing to wind mass-loss and to hydrogen nuclear burning, is plotted against the surface temperature (gure 5) and against the envelope mass (gure 6). The mass-decreasing rate is large in small X models at high surface-temperature models (gure 5) or small envelope mass (gure 6) because of the high nuclear burning rates. The wind massloss stops at the point indicated by the small dot in some models in gures 5 and 6. Leftside of this point, the massdecreasing rate is equated with the mass-decreasing rate owing to hydrogen burning.
Light Curve and X-Ray Turno Time
Figures 7{10 show theoretical light curves for 1.377 and 1:3M white dwarfs with dierent values of the heavy element content. In these gures, VIS means the visual magnitude and SSS the supersoft X-ray ux (30{100 A); F SSX = log(L SSX =4D 2 ) where D = 1.0 kpc is an arbitrarily assumed distance. As the star moves blueward along the track in the HR diagram, the photospheric temperature increases, which causes the optical magnitude to drop, and the uxes of the short-wavelength radiation increase. Such a property has been reported for several novae: e.g., the optical peak followed by the UV peak in RS Oph (Snijders 1987) , and X-ray increases to the maximum value after the optical and the UV uxes drop in GQ Mus (Hassall et al. 1990) . From these gures we can see that a recurrent nova also becomes a bright supersoft X-ray source after the optical ux decreases to M v > 2. The large-Z models show rapid evolution in both the optical and supersoft X-ray uxes. Figure 11 shows the X-ray turno time for various white-dwarf masses and chemical compositions. This Xray turno time, from the optical discovery or from the optical peak to the X-ray ux turn o, is approximated here, as in Paper I, to be the time interval between the stages of logT ph = 4:0 and of the extinguishing of hydrogen burning. As shown in this gure, the X-ray turno time is very short for massive white dwarfs with large Z. Since the X-ray turno time sensitively depends on the parameters, it is useful for estimating white-dwarf parameters. When either the hydrogen content X or metal content Z is known, or suggested, as in many cases, the X-ray turno time is a good indicator of the white-dwarf mass.
Here, we introduce another indicator of rapid optical decline at the rst stage of recurrent novae, the t 01:5 time, which is dened by the time interval from the optical peak until the visual magnitude drops to M v = 01:5. Figure 12 shows this t 01:5 time, which is approximated by the time from the stage of log T ph = 4:0 until the visual magnitude drops to M v = 01:5. This t 01:5 time depends only on M WD and Z, and not on the hydrogen content X , because the rst phase of the light curve is governed by the strength of the wind, and hardly depends on X . Moreover, the contribution of the companion and of the accretion disk can be neglected in this rst bright phase. The combination of the X-ray turno time and the t 01:5 time will be very useful in estimating the white dwarf parameters. The horizontal line shows a typical value for very rapid recurrent novae, t 01:5 = 10 d, which indicates the white-dwarf mass to be 1.35 { 1.377 M .
Light Curve Fitting for Recurrent Novae
In this section we compare the theoretical light curves presented in the previous section with the observational data of four recurrent novae U Sco, V394 CrA, T CrB, and V745 Sco.
3.1. U Sco Figure 13 shows the light curve of U Sco for a 1987 outburst obtained by Sekiguchi et al.(1988) as well as data from a previous 1979 outburst by Barlow et al. (1981) . U Sco shows very rapid evolution, and its light curves in the past are very similar to one another (Rosino, Iijima 1988) . The rst half of the light curve, including the peak (M v 01:5), gives t 01:5 = 10 d. For the chemical composition of ejecta, the hydrogen deciency relative to helium, He/H 2, is obtained from an analysis of the emission lines observed by the IUE satellite during the 1979 outburst, whereas the total amount of CNO is suggested to be essentially solar (Williams et al. 1981) . These estimates give the abundance to be roughly X 0:1 and Z 0:02, by weight.
Figures 13 and 14 also show several theoretical light curves for massive white dwarfs with X = 0:1, except for one case of X = 0:7 in gure 13, that demonstrates the similarity of the light curves in the rst phase between the X = 0:1 and 0.7 models. The light curves for hydrogenrich (X = 0:7) models for the other cases are shown later in gure 15 along with the V394 CrA data.
Here, we concentrate on the rst half phase (M v 01:5) of the light curve as being the rst step of tting with the observational data. As shown in gure 12, the very rapid decline of t 01:5 10 d is obtained only in 4 M. Kato [Vol. 51, very massive stars, M WD 1.35 M . In gures 13 and 14 the theoretical light curve becomes steep along with an increase in the heavy element content Z for a given white dwarf mass. Of ve curves for 1.377 M , with Z = 0:001; 0:004; 0:01; 0:02, and 0.05 in gure 13, the rst two and the last one are excluded because of slower and faster rates of decline, whereas the curves with Z = 0:01 and 0.02 show a good tting. For 1.35 M , the Z < 0:02 models are also excluded, whereas the Z = 0:05 and the 0.1 models are consistent with the data. The light curve for 1.3 M is too slow to t the data, even in the extremely metal rich case of Z = 0:1. In this way, the models exhibiting good tting with the observational data are limited to be Z 0:01 for 1.377 M and Z 0:05 for 1.35 M .
The light curves of U Sco seem to have a sudden change in the rate of decline at m v 14 mag. This change in the light curves can be naturally followed by the wind sequences described above until the magnitude drops to m v 15 mag. In theoretical models, the rate of decline slows down at M v 01, because the wind mass-loss is weakened as the surface temperature approaches the critical value where the wind nally stops (maximum critical solution in Kato, Hachisu 1994) .
There is another possibility to be counted for this sudden change in the light curves, i.e., the contribution from an accretion disk. After the peak of the outburst, the envelope around the white dwarf is extended far beyond the Roche lobe; therefore, the optical decline is entirely determined by the photospheric descent owing to windmass loss. As the photospheric radius decreases during the course of the outburst, the companion star will come out from the common envelope. If we assume a 0.4 M companion, the Roche lobe radius of a 1.377 M white dwarf with an orbital period of 1.23 d is 2.8 R . On the other hand, the photosphere of our theoretical model descends to 1.6 R at M v = 02:0; 0:81R at M v = 01, and 0.43 R at M v = 0. Therefore, if the companion resumes mass transfer immediately, an accretion disk may be formed again around the extended envelope, and we can expect a contribution of the accretion disk in a later phase.
The visual ux from the accretion disk depends on the inclination of the binary orbit. Because U Sco is an eclipsing binary (Schaefer, Ringwald 1995) , we can expect much of the visual ux only if the system contains a very inated accretion disk or an irradiated companion. The last point of the 1989 outburst, m v = 15:7 6 0:7 mag., is inconsistent with the curves of X 0:1, which suggests a signicant contribution from the disk or the companion. A quantitative estimate of these eects, however, requires detailed modeling of the disk, including the size, the shape and the inclination angle, of the brightness of the disk limb, and also of details of the secondary (see . Such detailed modeling is far beyond of the scope of the present paper, and we simply discuss here the rst 10 days.
The distance to U Sco is obtained from a comparison between the theoretical absolute magnitude and the observed apparent magnitude in gure 13 to be 7.6 kpc with A v =0.6 (Barlow et al. 1981 ). This value is consistent with D > 6:8 kpc by Schaefer (1990) , estimated from the apparent magnitude of a Roche lobe-lling companion of an evolved G3{6 star.
A very large expansion velocity is observed during the rst phase of outbursts. Such a large velocity, however, cannot be explained by our steady-state sequence. This problem is discussed in section 4.
V394 CrA
The recurrent nova, V394 CrA, also shows a very fast optical decline, as shown in gure 15. It's light curve and gross spectral characteristics closely resemble those of U Sco (Sekiguchi et al. 1989) . The orbital period of P=0.7577 d suggests an evolved companion (Schaefer 1990) , which also resembles U Sco. Because the light curve of V394 CrA is very similar to that of U Sco, the light curve tting gives almost the same results as for U Sco. These white-dwarf masses are in a good agreement with recent observational mass estimates. Shahbaz et al. (1997) obtained M wd = 1:3 { 2.5 M from infrared light-curve tting. Belczy nski and Mikolajewska (1998) derived a permitted range of binary parameters from the amplitude of the ellipsoidal variability and constraints from the orbital solution of M giants. They derived M WD = 1:2 6 0:2 M : a white-dwarf mass up to 1.44 M is permitted with a certain mass ratio and an inclination of orbit.
The distance to the star is simply estimated from the tting in gure 16 to be 980 pc with A v = 0:45 (Selvelli et al. 1992 ) and 1.0 kpc with A v = 0:35 (Harrison et al. 1993) . These values are consistent with the observational estimates of 1.2 kpc by Patterson (1984) and 1020 pc by Harrison et al. (1993) .
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Extremely Rapid Light Curve of Recurrent Novae 5 T CrB has a M3 III giant secondary (m v 10:2) (Webbink et al. 1987) , of which the luminosity should contribute signicantly in the later phase of the outburst. Moreover, the long orbital period of 227.6 days (Kraft 1958) indicates a large size of the Roche lobe, that suggests a large size of the accretion disk, that may also affect the magnitudes during the outbursts. Therefore, an exact light-curve tting of T CrB requires one to specify details of the binary conguration. We can simply conclude that the rst half part of the light curve in gure 16 indicates very massive white dwarfs ( 1:35 M ).
Recently, have presented a detailed binary model for T CrB that consists of winds from the white dwarf, an inclined accretion disk, and an irradiated giant companion. They reproduced the characteristic properties of the light variation; the rst peak is represented by the wind model on a massive white dwarf ( 1:35 M ), and the second peak is reproduced well by an irradiated M-giant companion with a contribution of the tilting accretion disk. They adopted wind solutions of the 1.35 M white dwarf rather than 1.377 M , favoring a long duration of the wind mass-loss. They explained a steeper light curve with the 1:35 M model, by introducing an inclined accretion disk that shadows a part of the white-dwarf photosphere.
The peak luminosity of T CrB in the 1866 outburst is estimated to be very high ( 2 mag), which cannot be reproduced in our steady-state sequences. This is discussed in section 4.
V745 Sco
The recurrent nova V745 Sco shows a slightly smaller decline rate than do the other three objects, as shown in gure 17. This object has a M star companion which contributes to the quiescent level of V = 17, which has thus been suggested to be a galactic-bulge component (Sekiguchi et al. 1990 ). Therefore, the last three point in this gure can be attributed to the companion. Figure 17 shows theoretical light curves for 1.3, 1.35, and 1.377 M . Of these curves, good tting is obtained in the models of 1.377 M with Z = 0:004, 1.35 M with Z = 0:02, and 1.3 M with Z = 0:05. An exact light curve tting of V745 Sco, however, is also dicult, partly owing to a lack of data between t = 7:3 and t = 20:3 d, and partly due to an uncertainty in the contribution of the companion and the accretion disk, as already shown for T CrB. Nevertheless, we can say that the rst part of the V745 Sco data is consistent with the theoretical light curves for very massive white dwarfs.
The distance to V745 Sco is estimated to be 6.3 kpc from gure 17 with A v 3:0 (Sekiguchi et al. 1990 ) and 5.0 kpc with A v = 3:5 (Harrison et al. 1993) . These values are consistent with the argument on the companion to be a bulge-type M giant star (Sekiguchi et al. 1990 ). Harrison et al. (1993) have derived the distance to be 4.6 kpc, assuming a M4 III companion with magnitude M K = 05:5 and a visual extinction of A v = 3:5. Although they assumed a normal giant companion, if a Roche lobe-lling and mass-transferring companion is somewhat underluminous than a normal giant, the distance estimation would give a larger value. Considering these uncertainties in both the theoretical and observational sides, we can say that their distance estimation of 4.6 kpc is also consistent with our values derived from the light-curve ttings.
Discussions and Conclusions
The steady state approximation has been examined in detail by Kato, Hachisu (1994) where they compared steady wind solutions exactly with time-dependent calculations to show the steady state approximation to be good for the decay phase of nova outbursts. In the decay phase, the extended envelope settles down to a thermal equilibrium, and the steady state assumption becomes good. In the rising phase, however, it is not good, except in very slow evolution, such as in helium shell ashes (Kato et al. 1989) .
Novae often show the super-Eddington luminosity at their luminosity peak, of which the light curve has not been succeeded in reproducing either by the steady state sequences nor by dynamical calculations presented so far (Starreld et al. 1988; Kovets, Prialnik 1994; Kovets 1998; Politano et al. 1995) . For example, the peak luminosity of T CrB in the rst recorded outburst of 1866 is estimated to be about 2 mag (Pettit 1946) ,which corresponds to M v = 08:4 in the light-curve tting in gure 16. Such a very luminous peak cannot be covered by our steady-state sequences. It is a dicult problem to follow such a light curve, and we need further theoretical development in time-dependent calculations. U Sco shows very broad Balmer emission lines in very early stages (FWZI 10000 km s 01 : Barlow et al. 1981; Sekiguchi et al. 1988) as well as the narrow components of Balmer lines (FWZI 1600 km s 01 : Barlow et al, 1500 km s 01 in Sekiguchi et al. 1988) . These narrow components remain after the broad components become weak and disappear. In our steady state sequence, such large initial velocities cannot be obtained, as shown in gure 4, which seems to rather represent narrow components. The large-velocity components may be related to rapid ejection of small amounts of gas during very early stages before or around the optical peak, of which the luminosity often exceeds the Eddington luminosity. As explained above, such stages are dicult to reproduce well by any theoretical calculations presented so far.
In the present paper, the chemical composition is assumed to be constant throughout the envelope. This approximation is fairly good in the rst phase of the out-6 M. Kato [Vol. 51, burst, because the rates of decline of the light curves are hardly aected by the hydrogen content, as shown in section 2. The He/H ratio is, however, expected to increase with time during the outburst, because the inner heliumrich matter appears after the upper hydrogen-rich layer is blown o. Such a chemical-composition gradient is produced by convection retrogression after the peak of energy generation of hydrogen burning. In very massive white dwarfs, a fair amount of the hydrogen content is decreased during the outburst. We can simply estimate this hydrogen decrease from the amount required to produce gravitational energy to expand the entire envelope against the gravity, i.e., 1X (GM WD =R WD ) 0:17 for a 1.377 M white dwarf. In an extreme case of a very extended envelope, we need to count the thermal energy needed to heat up the radiation-dominant envelope, which is about the same amount as the gravitational energy of the envelope (Kato 1983) . Therefore, the hydrogen content would be decreased by as much as 0.17{0.34 during an outburst. The visual light curve, therefore, would deviate from a curve of X=0.7, and may drop between the two curves of X = 0:7 and 0.1 in gures 13, 15, 16 as the hydrogen-decient layer appears. In the case of helium-rich accretion, as suggested in U Sco, the hydrogen content X further decreases from the initial value. It is to be noticed that a slow nova appearing in the bulge of M31 shows a gradual increase of the He/H ratio over a period of 4 yr (Tomaney, Shafter 1993) .
Our main results are summarized as follows: 1. Theoretical light curves of the decay phase of recurrent novae are presented for a wide range of iron abundances, from Z = 0:001 to 0.1, as well as for white-dwarf masses of M WD = 1:2; 1:3; 1:35; and 1.377 M , and hydrogen contents of X = 0:7;0:35, and 0.1. A short decay timescale is obtained only in massive white dwarfs with large iron abundances. 2. Light-curve ttings in four recurrent novae show the white-dwarf mass to be very massive ( 1:35 M ), unless they are members of extreme Population I stars. These white-dwarf masses are very close to the upper mass limit of an accreting white dwarf, and therefore we focus special attention on their relation to a type Ia supernova progenitor. 3. The X-ray turno time and the t 01:5 time are useful for estimating the white-dwarf mass. Very rapid light curves of t 01:5 < 10 days are obtained only in a very narrow range of the parameters: M WD 1:377 M for Z 0.01 and M WD 1:35 M for Z 0.05. This means that a very fast recurrent nova of t 01:5 < 10 d will appear only in circumstances of high Fe abundance, Z 0:01. 4. Optically thick wind theory predicts a systematic difference in the wind velocity having a factor of 3 between Populations I and II; a high metal abundance prefers a large wind velocity. This wind velocity depends only on the stellar population and slightly depends on the whitedwarf mass. 5. The discovery of a number of recurrent novae in LMC, M31, and globular clusters is of particular interest for a statistical study of white dwarfs. Systematic dierences in the total duration, decline rate, and wind velocities of recurrent novae are predicted for dierent populations.
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